The broad spectral window of an ultra-short laser pulse and the broad overlapping multiphoton absorption spectra of common fluorophores restrict selective excitation of one fluorophore in presence of others during multiphoton fluorescence microscopy. Also spatial resolution, limited by the fundamental diffraction limit, is governed by the beam profile. Here we show our recent work on selective fluorescence suppression using a femtosecond pulse-pair excitation which is equivalent to amplitude shaping using a pulse shaper. In addition, prospects of laser beam shaping in imaging are also briefly discussed.
INTRODUCTION
Controlling molecular fluorescence leading to selective fluorophore excitation has been a long sought after goal in quantum control or coherent control experiments [1] with applications in microscopy [2] . This is quite applicable in twophoton fluorescence microscopy [3] due to the use of ultrashort laser pulses having broad spectral bandwidth, the phase of which can be manipulated using a pulse shaper. While quantum control relies on quantum interference among different excitation or de-excitation paths, an equivalent control can be achieved exploiting completely incoherent dynamics by selectively dumping population from the ground vibrational state of the electronic excited state of a particular fluorophore leaving other fluorophores un-affected. By using this method, known as stimulated emission, excited state dynamics has been studied [4] which also has several far reaching implications in fluorescence microscopy (see under 'Results and discussions' section). However, to the best of our knowledge, using stimulated emission for selective fluorophore depletion by using a pair of pulses centered on a single wavelength has not been investigated in detail [5] .
When two pulses overlap both temporally and spatially (in a collinear geometry) on a detector, they interfere leading to what is known as field (or first order) autocorrelation [6] [7] [8] . Now if each of these two pulses generate same (two-photon) electronic transition to the electronically excited state, optical effects (i. e. field-field interference) dominate quantum effects (vibrational wave-packet interferometry or WPI) as long as the delay between the two pulses are within the interference zone (corresponding to the wings of the field auto-correlation traces). This delay precisely depends on the pulse-width of the pulses; for a short pulse (say ~20 fs) this zone is ~100 fs and pure quantum effects (WPI) can be studied right after this interference zone. However, for a longer pulse (which is commonly used in multiphoton microscopy), say that of ~180 fs pulse-width (as for the present case), this may be extended up to ~900 fs. This means, using such a pulsed excitation we must set the minimum pulse-pair delay time ~900 fs which is a too long time to observe any interesting dynamics due to quantum interference (WPI). However, incoherent dynamics involving vibrational relaxation of the excited electronic state followed by stimulated emission still survive which can impart interesting control schemes as explained in this paper. Towards end, we discuss laser beam shaping with applications in image resolution.
METHODOLOGIES
Detail of the experimental set-up may be found elsewhere [5] . In brief, we used a mode-locked Ti:saph laser (Mira900-F pumped by Verdi5, Coherent at maximum 5 mW power) producing femtosecond laser pulse trains at 76 MHz repetition rate which is tunable in the range of 720-980 nm. We used ~180 fs pulsed excitation centered on 750 nm. The laser beam was sent to a Mach-Zehnder interferometer before sending to a multi-photon-ready confocal microscope system (FV300 scan-head coupled with IX71 inverted microscope, Olympus).One of the arm of the interferometer was equipped with a motorized delay stage (UE1724SR driven by ESP300, Newport). The zero delay was precisely defined (as well as the pulse width was measured) from the field autocorrelation trace. For imaging purposes, slide of bovine pulmonary artery endothelial (BPAE) cells stained with DAPI/ MitoTracker Red CMXRos or DAPI/ Texas Red-X phalloidin (F36924 and F14781, Molecular Probes Inc.) was used, and all images were taken using an oil-immersion objective (UPlanApoN 40X 1.42NA, Olympus). For axial resolution measurements, a ~10
-5 M of rhodamine-6G solution in methanol (Sigma Aldrich) was used.
RESULTS AND DISCUSSIONS
Studying dynamics by stimulated emission from the ground vibrational level of the excited electronic states has been demonstrated in microscopy [4] . Stimulated emission has a very pivotal niche in the science of optical microscopy by breaking the fundamental diffraction limit posed in any form of far-field optical microscopy and has been pioneered by the group of Stefan W. Hell [9] . Also quite recently, stimulated emission has been shown to enhance fluorescence signal from weakly fluorescent molecules, thereby making them suitable for microscopy applications [10] . In general, the stimulating laser beam is frequency-tuned to the red edge of the fluorescence of one fluorophore the fluorescence from which has to be 'dumped'; thus we need at least two different pulses of different frequency contents: one for excitation and the other for stimulated emission. In contrast, we used one color pulsed excitation, as shown is figure 1a. For the time-delayed second pulse of each pulse-pair, there exists a competition between two-photon absorption and stimulated emission for which the latter dominates due to lower probability of the former. Now, for a pair of time-detailed pulse, the spectrum modulates with the delay between the pulses which is known as spectral interferometry (SI) and is given by [8]
where S's are the spectra, E's the electric field amplitudes, φ's the spectral phases and F denotes Fourier transform; thus the spectrum of a 'double-pulse' contains an interference term solely dependent on the relative phase of the pulses and the time delay between them as shown in figure 1b . This in turn means that by creating spectral modulation by using amplitude modulation in a pulse shaper one can generate pulse-pairs [11] .
Here, based on our previous studies [5], we show that even within a time scale as short as 100 fs (0.9-1.0 ps) interesting control strategies can be implemented based on stimulated emission using a one-color excitation. This is made possible if fluorescence from one of the fluorophores extends up to the excitation spectral window; the MitoTracker Red and TexasRed fluorescence extend up to 750 nm which leads to greater suppression compared to that of DAPI, as shown in figure 2a . An equivalent explanation using the frequency domain picture based on SI is as follows: since the spectrum is shaped, the fluorescence response of different fluorophores to this modulated spectral modulation is different. Although stimulated emission is less pronounced for MitoTracker Red it is significant for TexasRed which is clearly evident from figure 2b ; the fluorescence from DAPI remains almost unchanged in the 0.9-1.0 ps pulse-pair delay interval while it drops to ~65% in case of TexasRed.
Spatially generating a laser beam with transverse top-hat intensity profile from that having a Gaussian profile using a pair of cylindrical lenses has been discussed with applications in optical trapping [12] . We created a top-hat laser beam centered on 780 nm; the transverse intensity profile along with its derivative of the axial intensity profile during a z-scan (i. e. the point spread curve which is a measure of z-resolution) are shown in figure 3a and 3b in comparison with that of the regular Gaussian. The results show how changing transverse intensity profiles in turn affect axial resolution; a Gaussian profile leads to better z-resolution compared to a top-hat one. However, extending this method to a femtosecond laser pulses, which are also shaped in time-frequency domain, is itself a challenging task; the reason for this is that shaping the laser pulse in time-frequency with a pair of gratings and concave mirrors combination (and so with a concave grating pair) leads to modified spatial shape owing to astigmatism. However, using pulse-pair excitation scheme using mechanical delay lines for time-frequency control is relatively simple to run in combination with spatial shaping which is presently being investigated in our lab.
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